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Single crystals of the title compound, [Co(C6H 4 N02)(Ci g H 2 7- 
N 6 P)]N0 3 , were obtained from the reaction of nitrato[tris(2- 
isopropylimidazol-4-yl)phosphane]cobalt(II) nitrate with 
picolinic acid in the presence of potassium fert-butoxide as 
base. The coordination polyhedron around the central Co 11 ion 
is about halfway between square-pyramidal and trigonal- 
bipyramidal geometry. In the structure, the nitrate counter- 
anion is connected by N— H- ■ O hydrogen bonding to the 
complex cation. Additionally, the complex cations form one- 
dimensional chains along [010] by hydrogen bonding of the 
NH group of an imidazole ring to the picolinate group of a 
neighbouring complex cation. 

Related literature 

For the synthesis of the title compound, see: Kunz et al. (2011). 
For structures of related complexes, see: Tekeste & Vahren- 
kamp (2006); Kunz et al. (2011). For background to this class 
of compound, see: Kunz et al. (2003, 2007, 2008, 2009, 2011); 
Kunz & Klaui (2007). For geometric parameters of hydrogen 
bonding, see: Steiner (2002). 



Experimental 

Crystal data 

[Co(C 5 H4N0 2 )(C 18 H 27 N 6 P)]N03 

M, = 601.47 

Monoclinic, P2i/c 

a = 15.4012 (5) A 

b = 10.7035 (3) A 

c = 17.8548 (5) A 

P = 90.491 (3)° 

Data collection 

Oxford Diffraction Xcalibur Eos 

diffractometer 
Absorption correction: gaussian 

(CrysAlis PRO; Oxford 

Diffraction, 2009) 

T min = 0.67, r max = 0.82 

Refinement 

R[F 2 > 2a(F 2 )] = 0.042 

wR(F 2 ) = 0.086 

S = 1.01 

5760 reflections 

370 parameters 



V = 2943.21 (15) A J 
Z = 4 

Mo Ka radiation 
fi = 0.68 mm -1 
T = 292 K 

0.60 x 0.58 x 0.30 mm 



12068 measured reflections 
5760 independent reflections 
4526 reflections with / > 2tr(/) 
R iM = 0.022 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.43 e A~ 3 

APmi,, = -0.30 e A -3 



Table 1 

Selected geometric parameters (A, °). 



Col 


-Ol 




1.9885 (17) 


Col 


-Nl 




2.094 (2) 


Col 


-N5 




2.060 (2) 


Col 


-N7 




2.154 (2) 


Col 


-N3 




2.070 (2) 










Ol- 


-Col 


-N5 


118.91 (8) 


N3- 


Col 


-Nl 


87.87 (8) 


Ol- 


-Col 


-N3 


139.21 (8) 


Ol- 


-Col 


-N7 


78.07 (7) 


N5- 


Col 


-N3 


100.43 (8) 


N5- 


Col 


-N7 


92.77 (8) 


Ol- 


-Col 


-Nl 


101.22 (7) 


N3- 


Col 


-N7 


90.45 (8) 


N5- 


Col 


-Nl 


90.61 (8) 


Nl- 


Col 


-N7 


176.45 (8) 



Table 2 

Hydrogen-bond geometry (A, °). 



D- 


H-A 


D-H 


H-A 


D-A 


D-H-A 


N2 


-H02- ■ 02' 


0.78 (3) 


2.01 (3) 


2.786 (3) 


174 (3) 


N4 


-H04- ■ 03 


0.82 (3) 


1.98 (3) 


2.791 (3) 


169 (3) 



Symmetry code: (i) —x + 1, y — 5, — z + \- 

Data collection: CrysAlis PRO (Oxford Diffraction, 2009); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: DIAMOND (Brandenburg, 2010); software used 
to prepare material for publication: publCIF (Westrip, 2010). 




NO, 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: NC2266). 
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Acta Cryst. (2012). E68, m265-m266 [doi:10.1107/S1600536812004485] 

(Picolinato-/f 2 N,0)[tris(2-isopropyl-1H-imidazol-4-yl-AcN 3 )phosphane]cobalt(ll) 
nitrate 

Guido J. Reiss, Markus Borgardts and Peter C. Kunz 
Comment 

Zinc complexes of tripodal N,N,N ligands are interesting model compounds for the active sites found in many zinc 
enzymes, e.g. carbonic anhydrase. We developed the tris[imidazolyl-4(5)-yl] phosphane ligands as water-stable and, 
depending on their substituents, water soluble N,N,N ligands (Kunz et al. 2003). Their zinc complexes display some 
esterase-like activity (Kunz& Klaui, 2007). Recently we investigated the coordination behavior of zinc(II) and cobalt(II) 
complexes of these ligands in the presence of different biologically relevant N,0 ligands related to the Vahrenkamp-type 
complexes (Tekeste & Vahrenkamp, 2006). Cobalt(II) resembles in many points the structural coordination chemistry of 
zinc(II) and often is used to probe the coordination environment in corresponding complexes. UV/Vis data of the title 
compound indicated the presence of five-and six-coordinate Co(II)-species in solution (Kunz et al. 201 1). 

The molecular structure of the title compound is shown in Figure 1 . The coordination polyhedron around the central 
cobalt(II) atom is about half way from square -pyramidal to trigonal-bipyramidal geometry. The deviation from the tbp 
geometry is due to the bite of the ligand which allows only for N — M — N angles of up to about 100°. The above 
mentioned similarity in the structural coordination behavior is shown here, too, as the title compound is isotopic to the 
corresponding zinc compound (Kunz et al, 2011). In the crystal structure of the title compound the molecules are 
connected via N-H— O hydrogen bonding between the N-H atoms of the imidazolyl substituents in the complex cation 
and the O-atom of the picolinato ligand of a neighboring complex cation (N2H02---O2', d = 2.786 (3) A) as well as the O- 
atoms of nitrate ions (N4H04--O3, d = 2.791 (3) A, Figure 2). According to these geometric parameters these hydrogen 
bonds may be classified as medium strong (Steiner, 2002). 

Experimental 

The synthesis of the title compound was performed as previously reported (Kunz et al. 2011). The title compound was 
crystallized from methanol solution by slow vapor diffusion of diethyl ether to yield purple crystals. 

Refinement 

All CH H atoms were positioned with idealized geometry and refined isotropic with t/ iso (H) = 1.2(7 eq (C) for C-H and 
C4o(H) = 1.5(/ e q(C) for CH 3 groups using a riding model. Atomic coordinates of H atoms of NH groups were refined 
unrestricted with individual isotropic displacement parameters. 

Computing details 

Data collection: CrysAlis PRO (Oxford Diffraction, 2009); cell refinement: CrysAlis PRO (Oxford Diffraction, 2009); 
data reduction: CrysAlis PRO (Oxford Diffraction, 2009); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg, 
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2010); software used to prepare material for publication: publCIF (Westrip, 2010). 




Figure 1 

The structure of the asymmetric unit, showing 40% probability displacement ellipsoids. Hydrogen bonding is shown as 
dashed lines. Hydrogen atoms are shown as spheres of arbitrary radius. Non-acidic hydrogen atoms are omitted for 
clarity. 




Figure 2 

Part of the hydrogen bonded chain (hydrogen bonding is shown as dashed lines, for clarity the isopropy groups are drawn 
as wires without hydrogen atoms; ' = 1 - x, 0.5 +y, 0.5 - z). 

(Picolinato-K 2 iV,0)[Tris(2-isopropyl-1H-imitlazol- 4-yl-iriV 3 )phosphane]cobalt(ll) nitrate 

Crystal data 

[Co(C 6 H4N0 2 )(Ci 8 H 27 N 6 P)]N0 3 a = 15.4012 (5) A 

M r = 601.47 b = 10.7035 (3) A 

Monoclinic, P2Jc c = 17.8548 (5) A 
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P = 90.491 (3)° 
V= 2943.21 (15) A 3 
Z = 4 

7^(000) = 1252 

D x = 1.357 MgnT 3 

Mo ATct radiation, 1 = 0.71073 A 

Data collection 

Oxford Diffraction Xcalibur Eos 

diffractometer 
Radiation source: fine-focus sealed tube 
Equatorial mounted graphite monochromator 
Detector resolution: 16.2711 pixels mm 1 
co scans 

Absorption correction: gaussian 
(CrysAlis PRO; Oxford Diffraction, 2009) 

Tmin ~ 0.67, Tmax = 0.82 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
RiF 1 > 2<t(^ 2 )] = 0.042 
wR'F 1 ) = 0.086 
S = 1.01 

5760 reflections 
370 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Cell parameters from 6583 reflections 

9= 3.3-27.2° 

fi = 0.68 mnT 1 

r=292K 

Block, purple 

0.60 x 0.58 x 0.30 mm 



12068 measured reflections 
5760 independent reflections 
4526 reflections with I > 2er(7) 
R mt = 0.022 

ftnax ~ 26.0°, 6? m in ~ 3.3° 

A = -17-»18 
ifc = -ll->13 
/ = -22->10 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = ll[a\F 2 ) + (0.017F) 2 + 2.8P] 

where P = (F 2 + 2F 2 )/3 
(A/o)„» = 0.001 
Ap max = 0.43 e A" 3 
A Pmm = -0.30 e A" 3 



Special details 

Experimental. CrysAlisPro, Oxford Diffraction Ltd., Version 1.171.34.44. Numerical absorption correction based on 
gaussian integration over a multifaceted crystal model 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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0.0443 (4) 


-0.0100 (3) 


0.0062 (3) 


0.0048 (3) 


CI 


0.0544(15) 


0.0421 (14) 


0.0404(13) 


0.0009 (12) 


0.0025 (11) 


0.0017 (11) 


C2 


0.0661 (18) 


0.0455 (15) 


0.0449 (14) 


0.0025 (13) 


0.0016(12) 


0.0060 (12) 


C3 


0.0497(15) 


0.0473 (15) 


0.0455 (14) 


0.0059 (12) 


-0.0001 (11) 


0.0019(12) 


C4 


0.0579 (16) 


0.0415 (14) 


0.0466 (14) 


-0.0043 (12) 


0.0002 (12) 


0.0012(12) 


C5 


0.077 (2) 


0.0508 (17) 


0.0564(17) 


-0.0144(15) 


-0.0013 (14) 


0.0044 (14) 


C6 


0.0601 (17) 


0.0444(15) 


0.0453 (14) 


0.0030 (13) 


-0.0022 (12) 


0.0005 (12) 


C7 


0.0413 (14) 


0.0550(16) 


0.0456 (14) 


-0.0064 (12) 


0.0029 (11) 


-0.0024 (12) 


C8 


0.0525 (16) 


0.071 (2) 


0.0529 (16) 


-0.0092(15) 


0.0122(12) 


-0.0059(15) 


C9 


0.0507 (16) 


0.0590(18) 


0.0472 (15) 


0.0075 (13) 


-0.0010 (12) 


-0.0064 (13) 


C10 


0.0478 (16) 


0.0689 (19) 


0.0683 (18) 


-0.0029 (15) 


-0.0041 (13) 


0.0156(16) 


Cll 


0.116(4) 


0.130(4) 


0.217(6) 


0.008 (3) 


0.101 (4) 


0.014 (4) 


C12 


0.167 (5) 


0.162 (5) 


0.102 (3) 


-0.110(4) 


-0.026 (3) 


0.020 (3) 


C13 


0.076 (2) 


0.067 (2) 


0.0425 (15) 


0.0097 (16) 


0.0039 (13) 


0.0017(14) 


C14 


0.095 (3) 


0.106 (3) 


0.063 (2) 


-0.028 (2) 


0.0185 (18) 


0.003 (2) 


C15 


0.107 (3) 


0.132(4) 


0.070 (2) 


-0.022 (3) 


0.023 (2) 


-0.040 (2) 


C16 


0.081 (2) 


0.0563 (18) 


0.0585 (18) 


0.0226 (16) 


0.0032 (15) 


0.0005 (15) 


C17 


0.145 (4) 


0.075 (3) 


0.088 (3) 


-0.029 (3) 


-0.002 (2) 


0.002 (2) 


C18 


0.163 (5) 


0.091 (3) 


0.204 (6) 


0.019(3) 


-0.103 (4) 


0.029 (3) 


C19 


0.0590(16) 


0.0451 (15) 


0.0471 (15) 


-0.0083 (13) 


-0.0044 (12) 


0.0039 (12) 


C20 


0.0513(15) 


0.0415 (14) 


0.0399 (13) 


0.0001 (12) 


-0.0026(11) 


-0.0012(11) 


C21 


0.075 (2) 


0.0512(17) 


0.0484 (15) 


0.0011 (15) 


-0.0081 (14) 


0.0057 (13) 


C22 


0.080 (2) 


0.064 (2) 


0.0523 (17) 


0.0168 (17) 


-0.0187(15) 


-0.0038 (15) 


C23 


0.0559(17) 


0.0644(19) 


0.0642(18) 


0.0105 (15) 


-0.0167(14) 


-0.0114(16) 


C24 


0.0455 (15) 


0.0574 (17) 


0.0656 (18) 


-0.0025 (13) 


-0.0040 (13) 


-0.0028 (14) 


Nl 


0.0453 (12) 


0.0437 (12) 


0.0452 (12) 


0.0005 (10) 


0.0020 (9) 


0.0035 (9) 


N2 


0.0565 (15) 


0.0550 (15) 


0.0509 (14) 


0.0094 (12) 


-0.0065 (11) 


0.0029(11) 


N3 


0.0567 (13) 


0.0439 (12) 


0.0407(11) 


-0.0043 (10) 


0.0020 (9) 


0.0015 (10) 


N4 


0.0872 (19) 


0.0533 (15) 


0.0480 (14) 


-0.0117(14) 


-0.0090(13) 


-0.0062 (12) 


N5 


0.0450 (12) 


0.0492 (13) 


0.0454 (12) 


0.0043 (10) 


0.0003 (9) 


0.0000(10) 


N6 


0.0578 (15) 


0.0702 (19) 


0.0603 (16) 


0.0101 (14) 


0.0102 (12) 


-0.0150(14) 


N7 


0.0450 (12) 


0.0448 (12) 


0.0486 (12) 


-0.0025 (10) 


-0.0024 (9) 


-0.0005 (10) 
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01 


\J.\JJ>J 1 ^11^ 




0 OS^Q (\ 1 ^ 

U.UJJ7 V / 


— 0 0 1 1 f> (Q^ 
u.uiiu yy j 


—0 017? (R} 


0 01 (Q} 

\J ,\j 1 jy yy j 


02 


0.0810(14) 


0.0689 (14) 


0.0719(13) 


-0.0335 (12) 


-0.0195 (11) 


0.0266(11) 


N8 


0.083 (2) 


0.0668 (18) 


0.0713 (19) 


-0.0104(16) 


0.0193 (16) 


-0.0039 (15) 


03 


0.112(2) 


0.114(2) 


0.0667 (15) 


-0.0531 (17) 


0.0027 (13) 


-0.0108 (14) 


04 


0.174 (3) 


0.155 (3) 


0.104 (2) 


-0.012 (2) 


0.077 (2) 


0.032 (2) 


05 


0.0838 (19) 


0.191 (4) 


0.120 (2) 


-0.025 (2) 


-0.0192(18) 


0.016(2) 



Geometric parameters (A, °) 



Col— 01 


1.9885 (17) 


C13— C14 


1.505 (4) 


Col— N5 


2.060 (2) 


C13— C15 


1.508 (4) 


Col— N3 


2.070 (2) 


C13— H13 


0.9800 


Col— Nl 


2.094 (2) 


C14— H14A 


0.9600 


Col— N7 


2.154(2) 


C14— H14B 


0.9600 


PI— C7 


1.805 (3) 


C14— H14C 


0.9600 


PI— CI 


1.811 (3) 


C15— H15A 


0.9600 


PI— C4 


1.814(3) 


C15— H15B 


0.9600 


CI— C2 


1.352 (3) 


C15— H15C 


0.9600 


CI— Nl 


1.400 (3) 


C16— C17 


1.508 (4) 


C2— N2 


1.360(4) 


C16— C18 


1.509 (5) 


C2— H2 


0.9300 


C16— H16 


0.9800 


C3— Nl 


1.325 (3) 


C17— H17A 


0.9600 


C3— N2 


1.347 (3) 


C17— H17B 


0.9600 


C3— C10 


1.490(4) 


C17— H17C 


0.9600 


C4— C5 


1.353 (4) 


C18— H18A 


0.9600 


C4— N3 


1.389 (3) 


C18— H18B 


0.9600 


C5— N4 


1.361 (4) 


C18— H18C 


0.9600 


C5— H5 


0.9300 


CI 9— 02 


1.229 (3) 


C6— N3 


1.324 (3) 


C19— 01 


1.276 (3) 


C6— N4 


1.337 (4) 


CI 9— C20 


1.506 (3) 


C6— CI 3 


1.504 (4) 


C20— N7 


1.334 (3) 


C7— C8 


1.352 (3) 


C20— C21 


1.383 (3) 


C7— N5 


1.397 (3) 


C21— C22 


1.378 (4) 


C8 — N6 


1.358 (4) 


C21 — H21 


0.9300 


C8— H8 


0.9300 


C22— C23 


1.368 (4) 


C9— N5 


1.323 (3) 


C22— H22 


0.9300 


C9— N6 


1.349 (3) 


C23— C24 


1.381 (4) 


C9— C16 


1.487 (4) 


C23— H23 


0.9300 


C10— C12 


1.501 (5) 


C24— N7 


1.338 (3) 


C10— Cll 


1.502 (5) 


C24— H24 


0.9300 


C10— H10 


0.9800 


N2— H02 


0.78 (3) 


Cll— H11A 


0.9600 


N4— H04 


0.82 (3) 


Cll— HUB 


0.9600 


N6— H06 


0.79 (3) 


Cll— H11C 


0.9600 


N8— 04 


1.189 (3) 


C12— H12A 


0.9600 


N8— 05 


1.229(4) 


C12— H12B 


0.9600 


N8— 03 


1.242 (3) 


C12— H12C 


0.9600 






01— Col— N5 


118.91 (8) 


H14B— CI 4— H14C 


109.5 


01— Col— N3 


139.21 (8) 


C13— C15— H15A 


109.5 
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XTC f~* 1 XT') 

N5 — Col — JNj 


1 HA A 1 /c^ 

100.43 (8) 


Ol — Col — Nl 


1 A 1 OO /"7\ 

101.22 (7) 


■VTf Z~"i „ 1 \T 1 

N5 — Col — Nl 


t\/\ s \ io\ 

90.61 (8) 


XT') /" ' _ 1 XT 1 

N3 — Col — Nl 


on on io\ 

87.87 (8) 


1 /"" 1 XTT 

Ol — Col — N7 


no r\n sn\ 

78.07 (7) 


\Tf r ■> , | XT*7 

N5 — Col — N7 


AO nn ZO\ 

92.77 (8) 


XT') /"< 1 XT*7 

N3 — Col — N7 


90.45 (8) 


XT 1 1 XT*7 

Nl — Col — N7 


1 TzT A C 

176.45 (8) 


/""7 T)1 1 

C / — rl — CI 


m -i o /n\ 

y /.42 (12) 


/""7 Ti 1 /"* /I 

C7 — PI — C4 


1 A 1 /TO / 1 1\ 

101.68 (12) 


CI — PI — C4 


AO AC i 1 0\ 

98.45 (12) 


C2 — CI — Nl 


1 AO 1 /O \ 

108.1 (2) 


Cz — CI — PI 


1 oo c /o\ 

128.5 (2) 


Nl — CI — PI 


123.43 (18) 


CI — C2 — N2 


1 AH 1 /O \ 

107.1 (2) 


C • i /— * O t ti 

CI — Cz — Hz 


lzo.5 


XTO /"* O TTO 

JNz — Cz — Hz 


lzo.5 


xt i /-i') XTO 

Nl — C3 — N2 


1 AA T /T\ 

109.7 (2) 


xt 1 f ' ~) n a 

Nl — C3 — CIO 


126.1 (2) 


XTO ") ni a 

N2 — C3 — CIO 


124.2 (2) 


C5 — C4 — N3 


1 AT O ZO\ 

107.8 (2) 


C5 — C4 — PI 


127.6 (2) 


XTO f /I T> 1 

N3 — C4 — PI 


1 O /I OT / 1 A\ 

124.27 (19) 


C • J /"^C XT/I 

C4 — C5 — N4 


1 A/T O Z') \ 

106.8 (3) 


/~m r^c tjg 
C4 — C5 — H5 


126.6 


XT/I /^'" £" TTC 

N4 — C5 — H5 


126.6 


XTO f~ XT A 

N3 — Co — N4 


1 AA A i r \\ 

109.4 (2) 


XT') /~ 1 Zl /"" 1 -) 

N3 — Co — C13 


125.3 (2) 


N4 — Co — C13 


125.2 (2) 


C8 — C7 — N5 


1 AT O /O \ 

107.8 (2) 


C8 — C7 — PI 


128.2 (2) 


N5 — C7 — PI 


1T> /ION 

123.83 (18) 


t~"7 r^Q \t/; 
C / — Co — JNo 


1 (\n r\ 
10/. 0 (J) 


/-in z" 1 o TTO 

C7 — C8 — H8 


126.5 


XTzl Z -1 O TTO 

N6 — C8 — H8 


126.5 


N5 — C9 — N6 


109.2 (3) 


N5 — C9 — C16 


127.0 (2) 


\T/' /"'A 1 /" 

No — C9 — C16 


1 O 1 o \ 

123.8 (3) 


C3 — CIO — C12 


1 1 O O /I \ 

112.2 (3) 


C3 — CIO — Cll 


1 1 A /I \ 

110.4 (3) 


C ' 1 -\ ni a /"-l 1 

Clz — C1U — Cll 


111 A /A \ 

111.9 (4) 


C3 — CIO — H10 


107.4 


/—ill /"• | r\ TT1 A 

C12 — CIO — H10 


1 AT /I 

107.4 


Cll— CIO— H10 


107.4 


CIO— Cll— H11A 


109.5 


CIO— Cll— HUB 


109.5 


H11A— Cll— HUB 


109.5 


CIO— Cll— H11C 


109.5 


H11A— Cll— H11C 


109.5 



C13 — C15 — H15B 


109.5 


TT1 f » f ' AC Til f rt 

H15A — C15 — H15B 


109.5 


C13 — C15 — H15C 


1 AA C 

109.5 


ill r a /"i AC tti f f ^ 

H15A — C15 — H15C 


109.5 


TTI f T"> f 1 C TTI f /— 1 

H15B — CI 5 — H15C 


109.5 


s~ • i\ /—I 1 /—I 1 

C9 — C16 — C17 


1 1 O A /I \ 

112.9 (3) 


/- • l\ /~1 1 Z' /~1 1 o 

C9 — Cl6 — CI 8 


1 1 A O /")\ 

110. 8 (3) 


z"i 1 T /^l 1 Z" 1 O 

Cl7 — Cl6 — Cl8 


111.3 (3) 


C9 — C 1 6 — H 1 6 


107.2 


z"1 1 ^ /~ 1 1 TT1 /" 

Cl7 — Cl6 — Hl6 


107.2 


/— ' 1 O /— 1 1 /" TTI /■ 

C18 — C16 — H16 


107.2 


/— 1 1 Z" z"1 1 "1 T T 1 "7 A 

Cl6 — Cl7 — H17A 


109.5 


/— ' 1 1 /T /— ' 1 T T T 1 "7 T"") 

Cl6 — C17 — H17B 


109.5 


T T 1 ^ A z"1 1 T T T 1 TH 

H17A — Cl7 — H17B 


109.5 


Z" 1 z" ' \\ i-l T T 1 ^1 /"^ 

C16 — C17 — H17C 


109.5 


T T 1 i~l A /—I IT T T 1 

H17A — Cl7 — H17C 


109.5 


tti *7T» Z" ^ 1^7 T T 1 T/— < 

H 1 7B — C 1 7 — H 1 7C 


109.5 


/—I 1 Z" 1 o T T 1 O A 

Cl6 — Cl8 — H18A 


109.5 


z"1 1 Z" z" 1 n TT1 OT~i 

Cl6 — CI 8 — H18B 


109.5 


T T 1 O A Z" 1 1 O T T 1 on 

H18A — CI 8 — H18B 


109.5 


C16 — C18 — H18C 


1 AA C 

109.5 


TT10A /""MO tti or< 

H18A — CI 8 — H18C 


1 AA C 

109.5 


tti c * t~i z" 1 o t t 1 r> /— i 

H18B — CI 8 — H18C 


109.5 


Z"iO f " 1 A / ~v 1 

02 — C19 — Ol 


1 O A O /ON 

124.8 (2) 


/ \ ~\ pin p^A 

U2 — C19 — C20 


119.4 (2) 


01 — C19 — C20 


115.8 (2) 


N7 — C20 — C21 


122.6 (2) 


XTT Z^O A f " 1 A 

N7 — C20 — C19 


114.4 (2) 


/lAi /"-OA z" 1 1 A 

C21 — C20 — C19 


1 O O A ZO\ 

123.0 (2) 


C22 — C21 — C20 


118.2 (3) 


/""ll Z^O 1 TT01 

C22 — C2 1 — H2 1 


120.9 


/""OA 1 TTO 1 

C20 — C2 1 — H2 1 


1 OA A 

120.9 


/""OO /"<oo ni 

C23 — C22 — C2 1 


119.7 (3) 


/— lOO z"1^^ TT^'i 

C23 — C22 — H22 


120.2 


C2 1 — C22 — H22 


120.2 


Z"<00 Z^OO z^O A 

C22 — C23 — C24 


1 1 O A /T\ 

1 18.9 (3) 


/"'OO /"'Ol TTOO 

C22 — C23 — H23 


120.5 


Z"< ^ A z^OI TTO") 

C24 — C23 — H23 


120.5 


XT"7 z^O A pn 

N7 — C24 — C23 


1 O O A /O \ 

122.0 (3) 


\Tn z^O A TTO A 

N7 — C24 — H24 


1 1 A A 

119.0 


/~"<0") z~<0 A TTO/1 

C23 — C24 — H24 


119.0 


/— < O XT 1 /' i 

C3 — Nl — CI 


106.6 (2) 


zil XT1 /— < 1 

C3 — Nl — Col 


1 O /T O >1 / 1 T\ 

136.34 (17) 


t~* 1 XT1 ■ , l 

CI — N 1 — Col 


116.81 (16) 


C3— N2— C2 


108.5 (2) 


C3— N2— H02 


125 (2) 


C2— N2— H02 


127 (2) 


C6— N3— C4 


107.1 (2) 


C6— N3— Col 


135.34 (18) 
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TT11T5 I 1 TT1 1 P 

HUB — Cll — H11L 


109.5 




C4 — N3 — Col 




114.51 (16) 


P • 1 f\ f~\ 1 TT1 T » 

CIO — C12 — H12A 


109.5 




Co — N4 — C5 




1 AO O \ 

108.8 (2) 


CIO — C12 — H12B 


109.5 




s ' p XT /I T TA A 

Co — N4 — HU4 




ill /0\ 

131 (2) 


Tin » TTi^n 

H12A — C12 — H12B 


109.5 




/"'C \T/| TTA/I 

C5 — N4 — H04 




1 OA /0\ 

120 (2) 


CIO — C12 — H12C 


109.5 




r~*f\ \Tf 

C9 — N5 — L7 




1 AT 1 /1\ 

107.1 (2) 


TTI 1 * fi \ r\ TTI ^ f 

H12A — C12 — H12C 


109.5 




C9 — N5 — Col 




\ A O A / 1 O \ 

134.80 (18) 


TTI /"> 1 TTI rt/-^ 

H 1 2B — C 1 2 — H 1 2C 


1 AA C 

109.5 




pn \Tr p < 1 

C7 — N5 — Col 




117.28 (16) 


Co — C13 — C14 


111.1 (2) 




C9 — No — C8 




1 AO O \ 

108.8 (3) 


C ' / P "M ~> pi r 

Co — C13 — C15 


112.9 (3) 




/~1 p\ \t/" TTAzT 

C9 — No — HO 6 




124 (2) 


C14 — C13 — C15 


111.1 (3) 




O \ip TTAp 

C8 — N6 — H06 




127 (2) 


p • p r i 1 -> tti 

Co — C13 — HI 3 


1 AT 1 

107.2 




/~1^A \TH P~"^ /I 

C20 — N7 — C24 




1 18.6 (2) 


p < i a /—> \ -) T T 1 O 

C14 — C13 — H13 


107.2 




C20 — N7 — Col 




i i ^ i^p p -i p"\ 

112.25 (16) 


P1 5 pi ^ HP? 


1 07 9 




P94 1\T7 Pn1 




1 99 09 C1 8"> 


C13— C14— H14A 


109.5 




CI 9— 01— Col 




119.43 (16) 


C13— C14— H14B 


109.5 




04— N8— 05 




125.8 (4) 


H14A— C14— H14B 


109.5 




04— N8— 03 




118.5 (4) 


C13— C14— H14C 


109.5 




05— N8— 03 




115.5 (3) 


H14A— C14— H14C 


109.5 










Hydrogen-bond geometry (A, °) 


D—R-A 




D — H 


R-A 


D-A 


D—R-A 


N2— H02-O2' 




0.78 (3) 


2.01 (3) 


2.786 (3) 


174 (3) 


N4— H04-O3 




0.82 (3) 


1.98 (3) 


2.791 (3) 


169 (3) 



Symmetry code: (i) -x+l,y-l/2, -z+1/2. 
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